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Polystyrene Nanoparticles Alter the Stability of Model Cell Membranes
David Van Doren, Luke Cuculis, Shelli L. Frey.
Chemistry Department, Gettysburg College, Gettysburg, PA, USA.
Due to their small size, nanoparticles have the ability to penetrate pulmonary
and vascular tissue, and as a result, are classified as potential human carcino-
gens. On the other hand, nanoparticle insertion into targeted cells can play a
key role in drug delivery and gene therapy applications, prompting a need to
more thoroughly characterize nanoparticle/membrane interactions. Because
nanoparticle interactions with biological membranes exist, but have not been
fully characterized, the stability of model cell membranes was observed in
the presence of particles. Giant unilamellar vesicles (GUVs) composed of ca-
nonical ternary mixture of lipids of dipalmitoylphosphatidylcholine (DPPC)/
1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC)/cholesterol (1:1:1) with
0.8% mol fluorescent lipid were made in the presence of functionalized poly-
styrene nanoparticles at varying concentrations. A change in the vesicle size
distribution in the presence of NP indicates that inclusion of particles affects
the stability of bilayer curvature. Aminated polystyrene particles were shown
to limit the size of stable GUVs even at low particle concentrations of 0.025
wt%. Association of the positively charged particles at the lipid/water interface
resulted in extruded lipid tubules from the vesicle surface. Carboxylated parti-
cles produced a less dramatic effect. This may be attributed to the greater
charge density of the carboxylated particles, compared to those with amine
functionalization, such that a higher inter-particle repulsion could prevent
nanoparticle arrangement on the surface. In both cases, high nanoparticle con-
centration completely prevented the formation of GUVs, indicating a concen-
tration dependent effect. The effect of the nanoparticles on the membrane
material properties of the vesicles will also be discussed.
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How Nsaids Affect Lipid Monolayer and Bilayer Properties
Jaime Larsen, Melanie Grooms, Brendan G. Ashton, David D. Busath.
Brigham Young University, Provo, UT, USA.
Non-steroidal anti-inflammatory drugs (NSAIDs) inhibit prostaglandin synthe-
sis by blocking cyclooxygenase and influence gramicidin channel lifetimes in
planar lipid bilayers. In the past we studied how the NSAIDs salicylic acid, ace-
tylsalicylic acid, acetaminophen, ibuprofen and diclofenac influenced the
pressure-area curve in the aqueous subphase on dipalmitoyl-PC pressure-area
curves at modestly supratheraputic dosages (1 mM concentrations in the sub-
phase). We observed consistent changes that imply these NSAIDs interact
strongly with the lipid head groups of monolayers. Here we report subsequent
findings using umbrella sampling molecular dynamics. Each titratable NSAID
was simulated, both protonated and unprotonated, with DPPC bilayers. The
neutral NSAIDs have free energy wells as deep as 10 kcal/mol in the head-
group region, whereas charged molecules were uniformly repulsed from the
bilayer. These findings call for further experiments on the pH dependency of
drug-bilayer interactions and suggest that neutral NSAIDs, including proton-
ated aspirin in the low pH chyme of the stomach, interact with cell membranes
and could cause adverse side effects.
2762-Pos Board B192
Studies of Zwitterionic Lipoplexes - Nanosystem Based on Phospholipids
and Surfactants as Innovative Delivery Systems for Gene Therapy
Joanna Wolak, Michalina Skupin, Zuzanna Pietralik,
Weronika Andrzejewska, Maciej Kozak.
Department of Macromolecular Physics, Adam Mickiewicz University,
Poznan, Poland.
The gene therapy is the one of the most promising method of treatment in
contemporary medicine. This way of therapy is very useful in the treatment a
dozen of incurable or fatal diseases. Thismethod of treatment is leaned on imple-
ment a gene into patient’s cells with the use of dedicated delivery systems (vec-
tors). The main problem of gene therapy is to find the best vector which will be
effective and will be not toxic for human cells. A good approach seems to be use
of non-viral vectors like delivery system based on lipid-surfactant mixtures.
The aim of this study was to examine the possible application of selected
amphoteric surfactants (zwitterionic alkyl derivatives of sulfobetaine) as com-
plexing agents (with and without helper lipid) for nucleic acids (siRNA, low
and high-molecular weight DNA).
The studies of DNA conformation in selected DNA - zwitterionic surfactant
lipoplexes were performed using the circular dichroism (CD) spectroscopy.
CD spectra were recorded in the spectral range 350 - 200 nm by using J-815
spectrometer (Jasco). The results obtained indicate that the DNA maintains
the B-form for wide range of surfactant concentrations in the solution. The
structure and organization of lipoplexes was also independently analyzed by
the Fourier transform infrared spectroscopy. The absorption spectra for lipo-plexes were collected by using FTIR spectrometer BRUKER Tensor 27 in
the temperature range 2-40C. The phase transitions in examined systems
were studied by using the differential scanning calorimetry (DSC). Ability of
creating of stable complexes in DNA-surfactant systems studied was confirmed
using electrophoresis on agarose gel. For all formed stable lipoplexes the com-
plete reduction of electrophoretic mobility was observed. Finally the transfec-
tion efficiency of selected systems were also tested on HeLa cells.
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Photothermal Manipulation of Membranes
Scott K. Shaw, Bradley D. Smith.
Chemistry and Biochemistry, University of Notre Dame, Notre Dame, IN,
USA.
There is emergingevidence that highlycontrollednanoscale heating processes can
be used tomanipulate biologicalmembrane events such as pore formation, bilayer
translocation, and fusion. These processes may have diverse applications in trig-
gered drug release, gene transfection, and hybridoma formation. The goal of this
work is to devise new methods of producing nanoscale heating and to exploit this
phenomenon as a way to manipulate biomembrane structure and function. Photo-
thermal gold nanoparticles have been explored for these purposes but suffer from
size-restricted diffusion limitations and poor clearance profiles, while many pho-
tothermal organic dyes are susceptible to photobleaching. Our lab has developed
high performance near infrared (NIR) dyes and dye loaded nanoparticles which
generate heat upon absorption of NIR laser light, making them ideal for in vivo
applications.1,2 These photothermal agents were incorporated into cells and artifi-
cial membranes, and heat was produced with precise spatiotemporal control.
Membranes sensitive to temperature were shown to release encapsulated contents
and to have increased bilayer translocation rates. Recent work with artificial tem-
perature insensitive membranes and cell membranes is also discussed.
(1) Spence, G. T.; Hartland, G. V.; Smith, B. D. Chem. Sci.2013, 4, 4240
(2) Spence, G. T.; Lo, S. S.; Ke, C.; Destecroix, H.; Davis, A. P.; Hartland, G.
V.; Smith, B. D. Chem. Eur. J.2014, 20, 12628
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Theoretical and Experimental Insights into Lipopolysaccharides-
Polymyxin B Interactions Using Genetically Modified Enterobacterial
Strains
Daniel R. Aguayo, Javier Salazar, Jaime Huerta, Mackarenna Alarco´n,
Bele´n Navarro, Nicola´s Pacheco, Hegaly Mendoza.
Center for Bioinformatics and Integrative Biology, Universidad Andres
Bello, Santiago, Chile.
The Gram-negative Outer Membrane Lipopolysaccharides (LPS) is the first
molecular barrier of the antimicrobial peptide (AMP). Each LPS monomer is
composed of a lipid-A and a polysaccharide chain of multiple modular-
subunits with defined chemical structure and properties. There is great interest
in understanding how AMP, like Polymyxin-B, associate and permeabilizate
bacterial membranes; nevertheless, this process is poorly understood and
further studies are needed. To understand the Polymyxin-B interaction with
the LPS, we have combined molecular dynamics simulations of LPS
containing-bilayers and in vivo and in vitro experimental assays using geneti-
cally modified Escherichia coli and Salmonella Typhimurium strains to display
LPS of controlled chemotypes. The dynamical characterization of the
Polymyxn-B interactions with LPS-subunits gives a new insight of their contri-
bution to the outer membrane destabilization process, which is essential to
develop new antibiotics strategies. Granted by FONDECYT N 11130576.
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Interaction of Thymol with Cell Membranes Models Studied with Tensi-
ometry, Vibrational Spectroscopy and Molecular Simulation
Joa˜o Victor N. Ferreira, Tabata M. Capello, Leonardo J. Amaral de Siqueira,
Joa˜o Henrique G. Lago, Luciano Caseli.
Ciencias Exatas e da Terra, Universidade Federal de Sao Paulo, Diadema-SP,
Brazil.
Thymol (2-isopropyl-5-methylphenol) is a natural compound that acts as a mi-
crobicide,with a probable effect on cellmembrane surfaces. However, themech-
anismof actionwhen it interactswith lipid surfaces is not sufficiently known. For
this reason, it is important to understand at the molecular level interactions be-
tween the drug and biointerfaces, and using models for cell membranes can be
an appropriate strategy for this purpose. In this study, we employed Langmuir
monolayers of lipids as cell membrane models, with the drug incorporated in
monolayers of zwitterionic lipids, namely DPPC (dipalmitoyl phosphatidyl
choline), and negative lipids, namely DPPS (dipalmitoyl phosphatidyl serine),
and compared to data obtained with Molecular Simulation. Combining data on
Surface Pressure-Area Isotherms with Polarization Modulation Infrared
Reflection-Absorption Spectroscopy (PM-IRRAS), the effect of the thymol on
lipid monolayers was compared by in view of the chemical and molecular
546a Wednesday, February 11, 2015structure of the lipids and the drug. The adsorption of the drug at the monolayers
decreases the order of the lipid film, in amolecularmechanism that involves both
polar head groups and alkyl tails from the lipids. Also the adsorption of thymol is
modulated by the lipid monolayer composition since it adsorbed in a higher
extend in negative charged lipid monolayers. Data obtained from Molecular
Simulation corroborate with Langmuir monolayer experiments suggesting spe-
cific sites of interaction between lipid and drug. A model is then proposed in
which thymol interacts with lipids at the air-water in such a way that the interac-
tions are maximized owing to geometrical adaptations on behalf of the contact
between specific groups between the lipid and the drug.
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Effects of Cations on the Material Properties of Model Cell Membranes
Michael J. Counihan, Carly R. Strelez, Shelli L. Frey.
Chemistry Department, Gettysburg College, Gettysburg, PA, USA.
The outer leaflet of a cell membrane can be modeled with a lipid monolayer, of
which structure and material properties can be measured as a function of lipid
composition, insertion of macromolecules (peptides or nanoparticles), and ion
presence, among other variables. Cation effects on these monolayers are not
fully characterized, especially at higher ion concentrations, and due to the
greater variety of multivalent cations promise to be more complex than well-
understood anion effects. Since biological processes take place in buffered en-
vironments, an understanding of ion effects on lipid macromolecular structures
is necessary to study fundamental cell membrane interactions.
These experiments investigated effects that cations of different charge (NaCl,
MgCl2, and CaCl2) and concentration (0.1 M to 1.0 M) have on the structure
and material properties of dipalmitoylphosphatidylcholine (DPPC) lipid mono-
layers. To determine trends due to ion type and concentration, isotherm features
were quantified and compared, namely: area permolecule at liftoff, surface pres-
sure at the phase transition plateau, layer compressibility prior to collapse, and
area per molecule and surface pressure upon collapse into the subphase. Small
ion concentrations (0.1M) allowed lipids in the monolayer to pack more closely
compared to a model membrane on a pure water subphase due to electrostatic
screening. At higher concentrations, the surface pressure at defined areas per
molecule was greater compared to pure water (indicating expansion of the struc-
ture), and the monolayer underwent an additional structural transition, likely a
rearrangement of the lipid tails with respect to the air-water interface before
collapse. The divalent salts caused a decrease inmonolayer compressibility, indi-
cating fluidization, and faster increase of liftoff area at higher salt concentrations.
These trends were noticeably different compared to the monovalent cations.
These effects can be explained by considering local electrostatic interactions.
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A Study of How Chelating Agents Interact with Neutral Lipid Membranes
James L. Wallis, Merrell A. Johnson, Bruce D. Ray, Horia I. Petrache.
Physics, IUPUI, Indianapolis, IN, USA.
Chelating agents are used in a range of areas, from treating metal poisoning in
medicine to removing unwanted heavy metal ions from a given solution in
biochemistry. Specifically, ethylenediaminetetraacetic acid (EDTA) is widely
used in biochemistry and other areas of science to sequester polyvalent cations
such as Ca2þ and Fe3þ from solutions. Small angle x-ray scattering [1] has
shown that low concentrations (mM range) of EDTA in solution introduce a
phase coexistence in homogeneous 1-palmitoyl-2-oleoyl-sn-glycero-3-phos-
phocholine (POPC) multilamellar vesicles. This suggests that there are interac-
tions taking place between EDTA and the lipid head group. We investigate the
interaction of EDTA with lipids in the presence of various cations, using 1H
NMR. A discussion of the interactions present between EDTA and lipids will
be formulated based on observed proton chemical shifts and relaxation rates.
[1] Johnson et al, Langmuir 2014.
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Specificity and Competitive Cation Association to Phosphatidylinositol-
4,5-Bisphosphate Model Membranes
Edgar E. Kooijman1, Zachary T. Graber2, Wenji Wang3, Ivan Kuzmenko4,
David Vaknin3.
1Biological Sciences, Kent State University, Kent, OH, USA, 2Chemistry and
Biochemistry, Kent State University, Kent, OH, USA, 3Ames Laboratory and
Department of Physics, Iowa State University, Ames, IA, USA, 4x-ray
science division, advanced photon source, Argonne National Laboratory,
Argonne, IL, USA.
Phosphatidylinositol-4,5-bisphosphate (PIP2) is an active signaling lipid impli-
cated, among other functions, in the regulation of cell growth by activating the
tumor suppressor PTEN. Using synchrotron surface-sensitive x-ray diffraction
and fluorescence techniques we determined the preferential cation binding to
PIP2 monolayers. The natural, highly unsaturated PIP2 was spread as a Lang-
muir monolayer on a physiological buffer containing 100 mM KCl at pH 7.2to which divalent cations (Ca2þ and Mg2þ) were added. X-ray fluorescence
of the PIP2 monolayer on the buffer shows an eight fold surface enhancement
(within the x-ray penetration depth below the critical angle, ~5 nm) of mono-
valent Kþ compared to its bulk concentration. When physiological levels of
calcium are added (1-100 mM), the Ca2þ gradually replaces bound Kþ ions,
leading to a significant change in the organization of the PIP2 model membrane.
At higher concentrations (100-1000 mM), which might be achieved during cal-
cium signaling, we observe a 1000 fold surface enhancement of Ca2þ. Similar
experiments with Mg2þ ions also show strong ion binding to PIP2 at physiolog-
ical levels (1 mM) with a lesser structural effect on the monolayer compared to
that induced by Ca2þ. For mixed solutions of Mg2þ and Ca2þ we find that Ca2þ
occupies the majority of binding sites, and at mM concentrations completely
removes the Mg2þ ions from the interface. Surprisingly, with both 1 mM
Mg2þ and 1 mM Ca2þ in the subphase there is still a fourfold surface enrich-
ment of Kþ ions at the headgroup region.
2769-Pos Board B199
Charge Dependence of POPG:POPC-Liposome Repulsions in Deionized
Water
Joel A. Cohen1, Ming-Tzo Wei2, H. Daniel Ou-Yang2.
1Biomedical Sciences, University of the Pacific, San Francisco, CA, USA,
2Physics, Lehigh University, Bethlehem, PA, USA.
Shear moduli of deionized suspensions of electrostatically interacting 100 nm
POPG:POPC liposomes were measured by microrheological methods. Lipo-
some compositions spanned the entire range of POPG:POPC ratios. The lipo-
somes were sized by extrusion and diluted in deionized water at volume
fractions between 0.094 and 0.167. Liposome mean size, polydispersity, and
electrophoretic mobility were also measured. Polydispersity indices ranged
from 0.08 to 0.15, indicating quite monodisperse suspensions. When illumi-
nated by white light, POPG:POPC¼20:80 suspensions displayed optical Bragg
scattering, indicative of particle ordering. At volume fraction 0.167 the depen-
dence of shear modulus on composition was non-monotonic, first increasing
to 6000 d/cm2 at POPG:POPC ~20:80, then decreasing to 1000 d/cm2 at
POPG:POPC ¼100:0. Other concentrations behaved similarly. This effect
may be attributed to the screening behavior of fully deionized suspensions,
where counterion screening due to dissociated protons depends exponentially
on particle charge. A 100 nm POPG liposome has ~50,000 phosphate groups
on its outer surface, each bearing 1 negative charge when dissociated. Since
shear moduli reflect the mean particle charge of an interacting suspension,
they provide information on interaction-mediated surface-charge regulation
(protonation). Shear moduli were analyzed by the DLVO theory of screened
Coulomb repulsions between charged spheres. Liposomes are well-suited to
such studies since their titratable charge can be accurately controlled.
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The Effect of Compartmentalization on the Kinetics of Transition Metal
Ion-Induced LDL Peroxidation
Dov A. Lichtenberg, Ilya Pinchuk.
Tel Aviv University, Tel Aviv, Israel.
The typically observed kinetic profiles of transition metal ion-induced lipid per-
oxidation can be described in terms of a limited number of characteristic time-
points derived from experimental time-dependencies and presented in terms of
rate constants and concentrations, as calculated based on mechanistic consider-
ations. The critical part of such analysis is that it is valid only if the experi-
mental system behaves as if it is homogeneous, i.e. as if the reaction occurs
in a solution. In spite of the uncertainties due to the latter assumptions, we ob-
tained a reasonable agreement between the experimental data and the theoret-
ically predicted dependencies, which supports our previous theoretical
treatment. Yet, several previous findings could not have been explained in
terms of our (‘‘quasi-homogeneous’’) model, indicating that the model is valid
not under all conditions. One example is that under certain conditions, rapid
peroxidation of lipids occurs prior to complete consumption of LDL-
associated Tocopherol. We think that uninhibited (‘‘rapid’’) peroxidation be-
comes apparent when considerable fractions of the particles lose all their
Tocopherol (i.e. before the time predicted for ‘‘homogeneous’’ system). The
lack of Tocopherol is an essential but insufficient demand for rapid peroxida-
tion. Another demand is that the particle should contain at least a critical num-
ber of hydroperoxides molecules. In the present investigation, we show that the
results of all our kinetic studies can be understood if we consider compartmen-
talization. Specifically, for any given composition of the particles (LDL and/or
HDL), the kinetic results are probably governed by the distribution and rate of
exchange of antioxidants and hydroperoxides between particles. Our analysis is
of special importance for systems containing more than one population of lipo-
protein particles. The possible effects of compartmentalization should be
considered in other reactions that occur in inhomogeneous systems.
